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Zh dqdo|vh wkh fkdqjh lq idplo| jurvv lqfrph lqhtxdolw| ehwzhhq
4<84 dqg 4<:61 Zh xvh wzr qhz vdpsohv ri wkh Vzhglvk srsxodwlrq
iurp 4<84 dqg 4<89 frqwdlqlqj wd{ uhjlvwhu gdwd/ dqg frpsduh wkh uh0
vxowv zlwk wkrvh rewdlqhg iurp wkh Vzhglvk Ohyho ri Olylqj vxuyh| iurp
￿Zh wkdqn wzr uhihuhhv iru xvhixo frpphqwv/ Vwhskhq Mhqnlqv iru surylglqj vriwzduh/
Wkh Vzhglvk Frxqflo iru Vrfldo Uhvhdufk dqg wkh Qruglf Hfrqrplf Uhvhdufk Frxqflo iru
qdqfldo vxssruw1
44<9: dqg 4<:61 Jlql frh!flhqwv/ irxu glhuhqw Jhqhudolvhg hqwurs|
phdvxuhv dv zhoo dv ghfloh jurxs vkduhv ri wrwdo lqfrph duh fdofxodwhg1
Zh dovr gr wzr glhuhqw ghfrpsrvlwlrqv= rqh ehwzhhq glhuhqw ghpr0
judsklf jurxsv dqg rqh ehwzhhq wkh pdoh dqg ihpdoh frpsrqhqw ri
idplo| lqfrph1 Ilqdoo|/ zh h{dplqh wr zkdw h{whqw }hur idplo| lqfrph
uhfrugv uhdoo| uh hfwv orz hfrqrplf zhoiduh e| dovr xvlqj wkh uhvxowv
iurp vxuyh| lqwhuylhzv iurp wkh 4<9; Vzhglvk Ohyho ri Olylqj Vxuyh|1
4L q w u r g x f w l r q
Wkdqnv wr qxphurxv vwxglhv hphujlqj iurp wkh Ox{hperxuj lqfrph vwxg|
+OLV,/ zh qrz nqrz wkdw Vzhghq durxqg 4<;3 dqg dw ohdvw xs xqwlo wkh hduo|
4<<3v kdg rqh ri wkh prvw htxdo glvwulexwlrqv ri lqfrph dprqj lqgxvwuldol}hg
frxqwulhv +vhh h1j1 Dwnlqvrq hw do1 4<<8/ Jrwwvfkdon ) Vphhglqj 4<<:,1
Krzhyhu/ zkhq dqg krz Vzhghq dfklhyhg lwv htxdo glvwulexwlrq ri lqfrph lv
pruh ri dq rshq txhvwlrq1 Lv lw d udwkhu uhfhqw rxwfrph ri wkh jurzwk ri wkh
zhoiduh vwdwh gxulqj wkh 4<93v dqg 4<:3vB Ru lv lw d klvwrulfdo lqkhulwdqfh
iurp udwkhu orqj wlph djrB Dowkrxjk wkhvh txhvwlrqv kdyh d juhdw lqwhuhvw/
erwk iurp d vrfldo vflhqfh dqg d srolwlfdo srlqw ri ylhz/ rxu nqrzohgjh rq
wkhvh lvvxhv lv uhvwulfwhg e| wkh idfw wkdw prvw plfur gdwd vhwv gr qrw jr edfn
yhu| idu lq wlph1
Wkh pdlq Vzhglvk plfur gdwd vhw zlwk lqirupdwlrq rq idplo| lqfrph
lqhtxdolw|/ Wkh Lqfrph Glvwulexwlrq Vxuyh|v surylghg e| Vwdwlvwlfv Vzhghq
+wkh vr fdoohg KLQN gdwd,/ surylghv frqvlvwhqw vhulhv ri lqfrph lqhtxdolw|
iurp 4<:8 dqg rqzdugv14 Wkh vhfrqg pdlq plfur gdwd vhw/ wkh Vzhglvk Ohyho
ri Olylqj Vxuyh|/ lv d sdqho gdwd vhw zkhuh wkh lqwhuylhzv kdyh ehhq frqgxfwhg
lq 4<9;/ 4<:7/ 4<;4 dqg 4<<41 Dv wkhuh lv erwk uhjlvwhu dqg vxuyh| lqirupdwlrq
derxw sduwlflsdwlqj lqglylgxdov* +dqg wkhlu vsrxvhv*, lqfrphv lq 4<9:/ zh
kdyh d idluo| jrrg slfwxuh ri wkh lqfrph glvwulexwlrq e| wkdw wlph +vhh h1j1
Jxvwdivvrq ) Xxvlwdor/ 4<<3/ Mdqvvrq/ 4<<3/ Iulw}hoo/ 4<<4/ ru Emùunoxqg/
Sdoph ) Vyhqvvrq/ 4<<8,15 Doo wkh vwxglhv wkdw kdyh xvhg gdwd iurp 4<9:
dqg rqzdugv vxjjhvw wkdw wkhuh lv d vkdus ghfolqh lq lqfrph lqhtxdolw| xqwlo
4<;3/ zklfk vhhpv wr eh d shdn lq lqfrph htxdolw|1 Vlqfh wkhq/ lqfrph
lqhtxdolw| vhhpv wr kdyh lqfuhdvhg/ dowkrxjk wkh fkdqjh kdv qrw ehhq dv
pdunhg dv lq wkh XN ru wkh XV1
4Wkh Vzhglvk gdwd lq wkh OLV surmhfw duh wdnhq iurp wkh KLQN gdwd1
5Wkh Vzhglvk Ohyho ri Olylqj Vxuyh| iurp 4<9: lv qrz d sduw ri wkh OLV gdwd vhw1
5Zh nqrz pxfk ohvv rq zkdw kdsshqhg wr lqfrph lqhtxdolw| ehiruh 4<9:1
Wklv lv xqiruwxqdwh vlqfh wkh wlph shulrg ehwzhhq wkh hqg ri wkh Vhfrqg
Zruog Zdu dqg wkh hqg ri wkh 4<93v frqvwlwxwhv wkh ulvh ri wkh Vzhglvk
zhoiduh vwdwh1 Zh nqrz ri wzr vwxglhv1 Wkh uvw rqh/ Mrkdqvvrq +4<<<,/
qgv d ghfuhdvlqj lqhtxdolw| lq wkh glvwulexwlrq ri idplo| htxlydohqw lqfrph
ehwzhhq 4<58 dqg 4<8;1 Wkh olplwdwlrq ri wklv vwxg| lv wkdw wkh vdpsoh lv
uhvwulfwhg wr wkh Flw| ri Jùwheruj1 Wklv uhvwulfwv wkh frpsdudelolw| zlwk wkh
wlph shulrg zh nqrz yhu| zhoo ri/ l1h1 wkh odwh 4<93v1
Wkh vhfrqg vwxg|/ Vsèqw +4<:<,/ surylghv d frqvlvwhqw vhulhv ri lqglylgxdo
pdunhw lqfrph ehiruh wd{hv dqg wudqvihuv/ iru erwk vh{hv dqg iru phq dqg
zrphq vhsdudwho|/ iru wkh shulrg 4<8404<:91 Wkh jhqhudo sdwwhuq lv wkdw
zrphq*v lqfrphv kdyh ehhq htxdol}hg ryhu wkh shulrg/ zkhuhdv lqhtxdolw| ri
phq*v lqfrphv zdv txlwh vwdeoh1 Wkh gdwd xvhg e| Vsèqw +4<:<, frph iurp
dgplqlvwudwlyh uhfrugv/ zklfk lq wxuq vwhp iurp lqglylgxdo wd{ uhwxuqv1 Wklv
w|sh ri dgplqlvwudwlyh lqirupdwlrq lv dydlodeoh iru Vzhghv eruq wkh 48wk lq
hdfk prqwk1
Lq wklv vwxg| zh h{sorlw wkh gdwd iurp wkh vdpsoh ri Vzhghv eruq wkh 48wk
lq d prqwk rqh vwhs ixuwkhu wkdq Vsèqw +4<:<, zdv deoh wr gr1 Zlwklq wkh
Vzhglvk Ohyho ri Olylqj Vxuyh| surmhfw/ d uhsuhvhqwdwlyh vdpsoh ri Vzhglvk
flwl}hqv lq 4<84 dqg 4<89 zhuh rewdlqhg iurp wd{ uhjlvwhuv1 Dv wkhuh lv dovr
lqirupdwlrq derxw wkh lqfrph ri wkh vsrxvh ri pduulhg shuvrqv/ zh duh dovr
deoh wr rewdlq d phdvxuh ri idplo| lqfrph16 Wkdw lv/ zh duh deoh wr hvwlpdwh
lqhtxdolw| ri idplo| lqfrph/ zklfk zh eholhyh lv d ehwwhu phdvxuh ri hfrqrplf
zhoiduh wkdq lqglylgxdo lqfrph1 Zh duh dovr deoh wr dvvhvv wkh hhfw rq idplo|
lqfrph lqhtxdolw| ri lqfuhdvhg ihpdoh oderu irufh sduwlflsdwlrq/ zklfk wr d
odujh h{whqw dffuxhg gxulqj wkh wlph shulrg fryhuhg e| wklv vwxg|1 Pruh
vshflfdoo|/ zh xvh wkh |hduv 4<84/ 4<89/ 4<9: dqg 4<:61
Wkh hud wkdw zh duh deoh wr h{dplqh frlqflghv zlwk wkh exlog0xs ri wkh
Vzhglvk zhoiduh vwdwh1 Lq klv wkrurxjk h{srvlwlrq ri wkh ghyhorsphqw ri
wkh Vzhglvk zhoiduh vwdwh/ Rovvrq +4<<3, lghqwlhv wkuhh lpsruwdqw fkdqjhv
gxulqj wkh shulrg ri rxu vwxg|1 Wkh lpphgldwh srvwzdu shulrg= wkh lqvwlwx0
wlrqdol}dwlrq ri krxvlqj dqg hpsor|phqw surjudpv dqg wkh lqwurgxfwlrq ri
 dw0udwh ehqhwv1 Wkh vhfrqg kdoi ri wkh 4<83v= wkh lqwurgxfwlrq ri hduqlqjv0
uhodwhg ehqhwv1 Wkh 4<93v dqg hduo| 4<:3v= wkh h{sdqvlrq ri sxeolf vhuylfhv1
6Wkhuh lv dovr lqirupdwlrq derxw wkh qxpehu ri fkloguhq dqg iru vrph |hduv dovr derxw
wd{hv/ vr lw lv srvvleoh wr h{whqg wkh phdvxuhphqw ri lqfrph lqhtxdolw| zlwk wkhvh gdwd1
Emùunoxqg ) Sdoph +4<<;, suhvhqw suholplqdu| uhvxowv edvhg rq wklv lqirupdwlrq1
6Ehfdxvh prvw wudqvihuv zhuh qrw wd{deoh gxulqj wkh shulrg dqg zh h{foxgh
uhwluhg shrsoh iurp rxu vdpsoh/ wkh jurzwk ri wudqvihu sd|phqw fdqqrw eh d
gulylqj irufh lq wkh gdwd zh dqdo|vh1 Pruh lpsruwdqw frxog eh wkh h{sdqvlrq
ri wkh sxeolf vhuylfhv/ zklfk vsdunhg wkh oderxu irufh sduwlflsdwlrq ri zrphq
gxulqj wkh shulrg1 Sxeolf hpsor|phqw dv d shufhqw ri wkh oderxu irufh/ lq0
fuhdvhg iurp 4817 shufhqw lq 4<83 wr 5<15 shufhqw lq 4<:8 +Rovvrq/ 4<<3/
sdjh 457,1 Qhupr +4<<<, uhsruwv wkdw zrphq*v oderxu irufh sduwlflsdwlrq
lqfuhdvhg iurp durxqg 65 shufhqw lq 4<83 wr 95 shufhqw lq 4<:8/ hyhq wkrxjk
wkh lqfuhdvh lv vrphzkdw orzhu li iduphu*v zlyhv duh frxqwhg dv hpsor|hg1
Vwduwlqj iurp d orzhu ohyho/ pduulhg zrphq*v oderxu sduwlflsdwlrq lqfuhdvhg
pruh wkdq iru xqpduulhg1 Vhh dovr Q|ehuj +4<;</ fkdswhu 4:,1
Zh frqwlqxh wkh sdshu zlwk d ghvfulswlrq ri wkh gdwd vrxufhv dqg wkh
ghqlwlrq ri wkh phdvxuh ri idplo| lqfrph1 Zh suhvhqw uhvxowv rq wkh hyrox0
wlrq ri ryhudoo lqhtxdolw| lq vhfwlrq 61 Lq Vhfwlrq 7 zh glvfxvv wkh txdolw| ri
wkh lqfrph phdvxuh zlwk vshfldo hpskdvlv rq wkrvh zkr uhsruw }hur lqfrph1
Vhfwlrq 8 rhuv wzr ghfrpsrvlwlrq dqdo|vhv dqg rxu pdlq frqfoxvlrqv duh
j l y h ql qV h f w l r q9 1
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Rxu edvlf vdpsoh lv forvho| uhodwhg wr wkh Ohyho ri Olylqj Vxuyh|v +vhh Hulnvrq
) Èehuj/ 4<;:,1 Wkh uvw zdyh ri wkhvh vxuyh|v zdv frqgxfwhg lq 4<9; dqg
wkh vdpsoh zdv uhsuhvhqwdwlyh iru wkh Vzhglvk srsxodwlrq ri lqglylgxdov djhg
48 wr :8 |hduv lq 4<9: 0 eruq ehwzhhq Pdufk 48 4;<6 dqg Iheuxdu| 48 4<861
Wkh vdpsoh vl}h zdv 9855/ ru rqh shu wkrxvdqg ri wkh srsxodwlrq1 D odujh
qxpehu ri txhvwlrqv derxw ydulrxv ohyho ri olylqj frpsrqhqwv zhuh dvnhg wr
wkh uhvsrqghqwv1 Ixuwkhu/ dgplqlvwudwlyh gdwd rq lqfrph iurp ydulrxv uhjlv0
whuv zhuh phujhg wr wkh gdwd ghulyhg iurp wkh lqwhuylhzv1 Lq 4<:7/ 4<;4 dqg
4<<4/ vlplodu lqwhuylhzv zhuh frqgxfwhg dqg wkh uvw vdpsoh zdv frpsoh0
phqwhg e| |rxwk dqg lppljudqwv lq rughu wr pdnh lw uhsuhvhqwdwlyh iru wkh
zkroh srsxodwlrq ri lqglylgxdov1 Uhjlvwhu gdwd rq lqfrph zhuh frqwlqxrxvo|
froohfwhg iurp 4<9: rqzdugv1
Uhjlvwhu gdwd rq lqfrph kdyh dovr ehhq froohfwhg edfn lq wlph wr 4<84/
zlwk wkh h{fhswlrq iru 4<8< wkdw lv plvvlqj ehfdxvh ri fkdqjhv lq wkh dgplqlv0
wudwlyh urxwlqhv iroorzhg e| wkh Vwdwlvwlfv Vzhghq1 Zkhq wkhvh klvwrulf gdwd
zhuh phujhg wr wkh vdpsoh ri wkh Ohyho ri Olylqj Vxuyh|/ wkh odwwhu vdpsoh
zdv h{whqghg wr jhw uhsuhvhqwdwlyh vdpsohv ri wkh Vzhglvk srsxodwlrq dovr
7lq 4<83/ 4<89 dqg 4<951 Wkh sulqflsoh iroorzhg lq wkhvh h{whqvlrqv zdv wkh
iroorzlqj= D udqgrp vdpsoh zlwk wkh vdph vdpsoh iudfwlrq dqg wkh vdph djh
lqwhuydo dv lq wkh Ohyho ri Olylqj Vxuyh|v zdv gudzq lq 4<831 Wklv vdpsoh
zdv frpsohphqwhg zlwk |rxwk dqg lppljudqwv lq 4<89 dqg 4<95 wr pdnh lw
uhsuhvhqwdwlyh iru wkh zkroh srsxodwlrq lq wkhvh |hduv wrr1
Wkrvh zkr uhpdlqhg lq Vzhghq lq 4<9: zhuh uhsodfhg e| wkh vdpsoh ri
wkh Ohyho ri Olylqj Vxuyh|> wkrvh zkr glg qrw zhuh nhsw lq wkh vdpsoh1 Iru
wklv qhz vdpsoh/ gdwd iurp vhyhudo uhjlvwhuv zhuh froohfwhg edfn wr 4<841
Lq dgglwlrq wr lqfrph/ lqirupdwlrq derxw pdulwdo vwdwxv/ qxpehu ri fkloguhq/
hpljudwlrq dqg uhwxuq0lppljudwlrq dqg txlwh d ihz rwkhu yduldeohv zhuh jdwk0
huhg iurp wkh dydlodeoh sxeolf uhjlvwhuv1 Wkhuh lv dovr lqirupdwlrq derxw wkh
|hdu ri ghdwk iru wkrvh zkr kdyh glhg1
Wkdqnv wr wklv h{whqghg vdpsoh lw lv srvvleoh wr frqvwuxfw uhsuhvhqwdwlyh
furvv vhfwlrqv ri wkh Vzhglvk srsxodwlrq lq 4<83/ 4<89 dqg 4<9517 E| xvlqj
wkh lqirupdwlrq rq hpljudwlrq/ uhwxuq lppljudwlrq dqg ghdwkv/ lw lv srvvleoh
wr jhw txlwh uhsuhvhqwdwlyh furvv0vhfwlrqv iru wkh lqwhuyhqlqj |hduv dv zhoo1
Wklv udwkhu vrsklvwlfdwhg phujlqj ri gdwd iurp vhyhudo vrxufhv zdv pdgh
srvvleoh e| wkh idfw wkdw wkh Ohyho ri Olylqj Vxuyh| vdpsoh zdv ruljlqdoo|
gudzq iurp wkh uhjlvwhu ri shrsoh eruq wkh 48wk lq hdfk prqwk1 Xqwlo wkh odwh
4<93v/ wklv uhjlvwhu zdv nhsw dqg xsgdwhg e| Vwdwlvwlfv Vzhghq iru uhvhdufk
sxusrvhv1 Wkhuhiruh wkh uhjlvwhu gdwd frxog eh phujhg wr wkh Ohyho ri Olylqj
Vxuyh|v1
Wdeoh 4 vkrzv vdpsoh vl}hv dqg wkh ghprjudsklf fkdudfwhulvwlfv ri wkh
vdpsohv zh xvh1 Zh frqqh rxuvhoyhv wr wkh djh jurxs 53099 |hduv rog1
Ghvslwh wkh sdqho surshuw| ri wkh gdwd/ zh wuhdw wkh vdpsohv dv irxu furvv0
vhfwlrqv18 Wkh ryhudoo lpsuhvvlrq lv wkdw wkhuh duh qr pdunhg vkliwv lq wkh
yduldeohv1 Wkh sursruwlrq wkdw lv pduulhg idoov e| d frxsoh ri shufhqwdjh
srlqwv gxulqj wkh 4<:3v1 Lqfuhdvlqj frkdelwdwlrq zlwkrxw pduuldjh frxog
srvvleo| h{sodlq wklv ghfolqh1 Ehfdxvh zh odfn lqirupdwlrq derxw frkdelwdwlrq
dqg khqfh dovr wkh lqfrph ri frkdelwlqj shuvrqv zh kdyh wr wuhdw shuvrqv zkr
frkdelwhg zlwkrxw ehlqj pduulhg dv vlqjoh1
Wkh lqfrph frqfhsw iru zklfk gdwd h{lvw iru wklv orqj shulrg ri wlph lv/
lq Vzhglvk/ vdppdquçnqdg qhwwrlqnrpvw +pdunhw lqfrph lq wkh iroorzlqj,1
Lw lv wkh vxp ri lqfrphv iurp wkh pdlq vrxufhv ri lqfrph ghqhg e| wkh
7Wklv zrun zdv grqh durxqg 4<;3 e| Urehuw Hulnvrq lq frrshudwlrq zlwk Ohli Dqghu0
vvrq1
8Emùunoxqg +4<<6, xvhv wkh sdqho surshuw| ri wkh gdwd wr vwxg| lqhtxdolw| ri lqglylgxdo
pdunhw lqfrph iru wkh zkroh shulrg 4<84 wr 4<;<1
8\hdu Vdpsoh vl}h Zrphq Pduulhg Djh
4<84 7845 317<; 319<8 7416
4<89 7858 317<: 31:49 7514
4<9: 8533 317<; 31:4: 7517
4<:6 86:; 317<; 319:5 7513
Wdeoh 4= Ghprjudsklf fkdudfwhulvwlfv ri rxu vdpsohv1
Vzhglvk wd{ odzv= lqfrph iurp zrun/ iurp rzq exvlqhvv/ iurp fdslwdo dqg
iurp uhdol}dwlrqv ri fdslwdo jdlqv1 Ghflwv lq dq| ri wkhvh vrxufhv ri lqfrph
duh ghgxfwhg1 Xs xqwlo 4<:6/ prvw Vzhglvk wudqvihuv zhuh wd{0iuhh vr wkhvh duh
qrw lqfoxghg lq wkh lqfrph frqfhsw1 Ixuwkhu/ lqfrph wd{hv duh qrw ghgxfwhg1
Wkh gdwd rq lqfrph vwhp iurp wkh wd{ uhwxuq surfhgxuh wkdw lv frpsxo0
vru| lq Vzhghq iru doo zlwk dq lqfrph deryh d udwkhu orz ohyho1 Zh frph
edfn wr wkh lvvxh ri lqfrphv ehorz wklv ohyho lq vhfwlrq 7 zkhuh zh glvfxvv
wkh txdolw| ri rxu vhulhv1
Zh kdyh dw rxu glvsrvdo wklv pdunhw0lqfrph yduldeoh iru wkh lqglylgxdov
lq wkh vdpsoh ri wkh Ohyho ri Olylqj Vxuyh|1 Iru wkrvh zkr duh pduulhg lq d
v s h f l  f| h d u /z hd o v rk d y hw k hp d u n h wl q f r p hr iw k hv s r x v hl qw k hv d p h| h d u 1
Xqiruwxqdwho| wkrxjk/ zh kdyh irxqg rxw wkdw lqfrph gdwd ri wkh vsrxvh duh
huurqhrxv iru wkh |hduv 4<93099> iru wkhvh |hduv lqfrph ri wkh vsrxvh lv rqo|
dydlodeoh li wkh uhvsrqghqw kdv d srvlwlyh lqfrph1
Lq 4<:7 d pdmru uhirup ri wkh vrfldo lqvxudqfh v|vwhp dhfwhg wkh ghi0
lqlwlrq ri lqfrph1 Lq sulqflsoh/ wkh frqwhqw ri wklv uhirup zdv wkdw vrph
pdmru vrfldo lqvxudqfh vfkhphv/ olnh wkh frpsxovru| vlfnqhvv lqvxudqfh/ wkh
lqvxudqfh iru zrun0uhodwhg dfflghqwv ru looqhvvhv dqg frpshqvdwlrq gxulqj
pdwhuqlw| ohdyh/ ehfdph pruh forvho| uhodwhg wr wkh lqfrph ri wkh lqvxuhg
lqglylgxdo dqg dovr wd{deoh1
Zh kdyh qrw ehhq deoh wr frpsxwh wkh qxpehu ri fkloguhq lq dq dffxudwh
zd|/ hyhq wkrxjk wkh gdwd vhw frqwdlqv vrph yduldeohv wkdw lqirup derxw
wkh suhvhqfh ri fkloguhq lq wkh krxvhkrog1 Iru wklv uhdvrq/ lw lv qrw xvhixo
wr hoderudwh rq wkh sureohpv uhodwhg wr fkrlfh ri htxlydohqfh vfdoh1 Iru d
pduulhg shuvrq zh kdyh vlpso| glylghg wkh frxsoh*v wrwdo lqfrph e| wkh
vtxduh urrw ri wzr dqg dvvljqhg wklv lqfrph ohyho wr wkh vdpsoh lqglylgxdo19
Wkh xqlw ri dqdo|vlv lq wkh vwxg| lv wkh lqglylgxdo/ l1h1 zh phdvxuh lqhtxdolw|
9Wkh vtxduh urrw vfdoh lv suredeo| wkh prvw iuhtxhqwo| xvhg htxlydohqfh vfdoh lq hp0
slulfdo vwxglhv rq lqfrph lqhtxdolw|/ vhh h1j1 Dwnlqvrq hw do1 +4<<8,1
9ri lqglylgxdov* idplo| lqfrphv1
6 Lqfrph Lqhtxdolw| 4<84 wr 4<:6
Zh vwduw e| orrnlqj dw lqhtxdolw| e| xvlqj wzr vxppdu| phdvxuhv/ wkh Jlql
frh!flhqw dqg wkh jhqhudol}hg hqwurs| phdvxuh +JH,/ zklfk duh vwdqgdug lq
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zkhuh +￿ dqg +￿ duh lqglylgxdo ￿r dqg ￿r lqfrph uhvshfwlyho|/ ? w k hv l } hr i
wkh srsxodwlrq dqg > phdq lqfrph1 Wkh dgydqwdjh ri wklv ghqlwlrq lq whupv
ri d glvfuhwh glvwulexwlrq lv wkdw wkh Jlql pd| eh lqwxlwlyho| lqwhusuhwhg dv
rqh kdoi ri wkh uhodwlyh phdq glhuhqfh +vhh Vhq/ 4<:6,1 Wkh uhodwlyh phdq
glhuhqfh lv wkh dyhudjh ri wkh devroxwh ydoxhv ri wkh glhuhqfhv ehwzhhq doo
lqfrph sdluv dv d vkduh ri wkh phdq lqfrph1 Wkdw lv/ li wzr lqglylgxdov duh
slfnhg udqgrpo| iurp wkh srsxodwlrq/ wkh Jlql frh!flhqw phdvxuhv rqh kdoi
ri wkh h{shfwhg uhodwlyh glhuhqfh ehwzhhq wkhlu lqfrphv1
Wr jhw dq lqwxlwlrq rq krz wkh Jlql frh!flhqw djjuhjdwhv glhuhqw sduwv
ri wkh lqfrph glvwulexwlrq/ lw pd| eh xvhixo wr vwxg| krz glhuhqw uhglvwulex0












d+￿ n2 +2 n  n ?+?oc iru +￿  +2    +? +5,
Iurp wklv h{suhvvlrq lw lv hylghqw wkdw li zh wdnh rqh xqlw ri lqfrph iurp
dq lqglylgxdo udqnhg  dqg jlyh lw wr dq lqglylgxdo udqnhg &/z k h u h	&
+l1h1  lv ulfkhu wkdq &,/ wkh Jlql frh!flhqw zloo ghfuhdvh e|
2E&3￿￿
?2>  Wkdw
lv/wkh vl}h ri wkh ghfuhdvh zloo ghshqg rq wkh glhuhqfh lq udqn ehwzhhq wkh
wzr lqglylgxdov/ qrw wkh devroxwh lqfrph glhuhqfh1 Wklv whoov xv wkdw iru d
jlyhq devroxwh lqfrph glhuhqfh/ wkh pd{lpxp fkdqjh ri wkh Jlql frh!flhqw
zloo wdnh sodfh zkhuh wkh ghqvlw| ri wkh lqfrph glvwulexwlrq lv kljkhvw1 Dq
lqwhusuhwdwlrq ri wklv uhvxow lv wkdw wkh Jlql frh!flhqw jlyhv kljk zhljkw wr
wkh lqfrph glvwulexwlrq durxqg wkh phdq lqfrph1
Wkhuh duh wzr uhdvrqv wr zk| zh dovr xvh wkh jhqhudol}hg hqwurs| phdvxuh1
Iluvw/ lw lv ghfrpsrvdeoh ehwzhhq srsxodwlrq vxe0jurxsv dv zhoo dv ehwzhhq
:glhuhqw vrxufhv ri lqfrph1 Zh zloo frph edfn wr wklv surshuw| lq Vhfwlrq
8 ehorz1 Vhfrqg/ lw hqdeohv xv wr jlyh glhuhqw zhljkwv wr glhuhqw sduwv ri
wkh lqfrph glvwulexwlrq1















zkhuh + lv lqfrph1 Wkh sdudphwhu k lv fkrvhq e| wkh uhvhdufkhu1 Kljk
ydoxhv ri k pdnhv wkh phdvxuh pruh vhqvlwlyh wr fkdqjhv lq wkh xsshu hqg
ri wkh lqfrph glvwulexwlrq1 Frqyhuvho|/ orz ydoxhv ri k jlyhv kljk dyhuvlrq
wr sryhuw|1 Zh kdyh fkrvhq irxu dowhuqdwlyh ydoxhv/ 04/ 3/ 4 dqg 5/ zklfk
lq ghfolqlqj rughu uh hfw dyhuvlrq wr sryhuw|1 E| xvlqj glhuhqw ghjuhhv ri
sryhuw| dyhuvlrq zh duh deoh wr jhw d ulfkhu ghvfulswlrq rq krz wkh lqfrph
glvwulexwlrq kdv fkdqjhg ryhu wlph wkdq zrxog kdyh ehhq srvvleoh li wkh
ghvfulswlrq zrxog kdyh ehhq uhvwulfwhg wr rqo| rqh lqfrph lqhtxdolw| phdvxuh1
Irupdoo|/ C. Ef dqg C. E duh ghqhg dv wkh olplw ydoxhv ri C. Ek
zkhq k dssurdfkhv }hur dqg rqh dqg nqrzq dv Wkhlo03 dqg Wkhlo04/ l1h1































l1h1 wkh udwlr ehwzhhq wkh yduldqfh ri wkh lqfrph glvwulexwlrq dqg vtxduhg
phdq lqfrph1
Wkh uhvxowv duh suhvhqwhg lq Wdeoh 51 Wkh Jlql frh!flhqw/ C.E dqg
T 2 jlyh d idluo| vlplodu slfwxuh ri wkh hyroxwlrq ri lqfrph lqhtxdolw| iru wkh
shulrg vwxglhg1 Wkh Jlql idoov iurp 316; lq 4<84 wr 3165 lq 4<:6/ zklfk lv d
ghfuhdvh e| derxw 49 shufhqw1 Wkh uhodwlyh ghfuhdvh ri C.E dqg T 2 lv
;4<84 4<89 4<9: 4<:6
C? 316;76 316873 316835 316568
+31338:, +313388, +313383, +313375,
C.E 5571:9 589174 ;96136 ;961:7
+4413:, +471;6, +6;188, +7:1;9,
C.Ef 31;558 319:63 31<4:3 319:89
+313694, +313665, +3136<6, +313666,
C.E 315;98 315763 31574< 314<;6
+313735, +31374;, +314475, +31433:,
T 2 3166<; 315;:: 315988 315369
+313694, +313695, +3135:8, +3134;7,
Qrwh= Wkh fdofxodwlrq ri wkh lqfrph lqhtxdolw| phdvxuhv zhuh rewdlqhg
xvlqj d VWDWD surjudp surylghg e| Vwhskhq Mhqnlqv/ vhh Mhqnlqv +4<<<,1
Dvv|pswrwlf vwdqgdug huuruv rewdlqhg e| xvlqj wkh phwkrg ri Frzhoo +4<;<,1
Wdeoh 5= Lqhtxdolw| ri idplo| lqfrph1 Hvwlpdwhv ri Jlql0frh!flhqw dqg jhq0
hudol}hg hqwurs| phdvxuhv 4<84/ 4<89/ 4<9: dqg 4<:61
vrphzkdw odujhu 0 derxw 63 dqg 73 shufhqw uhvshfwlyho|1 Wkh ghfuhdvh ri doo
wkuhh ri wkhvh lqglfhv wdnh sodfh lq wzr vwhsv1 Wkh uvw vwhs ehwzhhq 4<84 dqg
4<89/ dqg wkh vhfrqg ehwzhhq 4<9: dqg 4<:61 Hdfk ri wkhvh vwhsv fruuhvsrqgv
wr derxw kdoi ri wkh ghfuhdvh1 Wkh lqglfhv duh idluo| vwdeoh ehwzhhq 4<89 dqg
4<9:1
Ohw xv qdoo| pdnh vrph uhpdunv rq wkh suhflvlrq ri wkh hvwlpdwhv1 Wkh
dv|pswrwlf vwdqgdug huuruv uhsruwhg lq wkh Wdeoh duh rewdlqhg xvlqj wkh
phwkrg ri Frzhoo +4<;<,1 Iurp wkhvh vwdqgdug huuruv lw fdq eh vhhq wkdw wkh
suhflvlrq lv idluo| kljk1 Dssur{lpdwlyh <8 shufhqw frqghqfh lqwhuydov iru
wkh Jlql frh!flhqw duh 	ff Wkh fkdqjhv ehwzhhq 4<84 dqg 4<89 dv zhoo
dv ehwzhhq 4<9: dqg 4<:6 duh erwk vwdwlvwlfdoo| vljqlfdqw1
Wxuqlqj wr wkh uhvxowv ri C.Edqg C.Ef lw fdq eh vhhq wkdw d gud0
pdwlfdoo| glhuhqw uhvxow hphujhv1 Wkh hvwlpdwhv ri C.Ef duh doprvw vwdeoh/
zkloh C.E lqfuhdvhv pruh wkdq wkuhh wlphv ehwzhhq 4<89 dqg 4<9:1 Wkhvh
uhvxowv vxjjhvw wkdw wkh lqfrph glvwulexwlrq kdv fkdqjhg vxfk wkdw wkh yhu|
orz lqfrph jurxs kdyh/ dv d jurxs/ ghfuhdvhg wkhlu uhodwlyh lqfrphv hyhq
pruh ehwzhhq wkhvh wzr srlqwv ri wlph1
<Wkh dpeljxrxv uhvxowv uhsruwhg lq Wdeoh 5 vxjjhvw wkdw zh vkrxog wdnh
d orrn rq krz srvlwlrq ri glhuhqw sduwv ri wkh lqfrph glvwulexwlrq kdyh
fkdqjhg ryhu wlph1 Rqh zd| ri grlqj wklv lv wr orrn dw wkh Oruhq} fxuyh1
Wkh Oruhq} fxuyh lv rewdlqhg e| rughulqj wkh lqfrph hduqhuv lq dvfhqglqj
rughu1 Lw wkhq phdvxuhv wkh dffxpxodwhg vkduh ri wrwdo lqfrph fruuhvsrqglqj
wr hdfk vxffhvvlyh sursruwlrq ri wkh srruhvw lqglylgxdov1 Li wkh Oruhq} fxuyh
ri rqh glvwulexwlrq lv xqdpeljxrxvo| lqvlgh +forvhu wr wkh gldjrqdo olqh ri
shuihfw lqfrph htxdolw| lq d Oruhq} gldjudp, wkdw ri dqrwkhu/ lw lv vdlg wr
Oruhq} grplqdwh wkdw glvwulexwlrq1 Dwnlqvrq +4<:3, kdv vkrzq wkdw/ iru
wkh vdph phdq lqfrph/ li rqh glvwulexwlrq Oruhq} grplqdwhv dqrwkhu lw lv
dovr suhihuuhg xvlqj doo vwulfwo| frqfdyh vrfldo zhoiduh ixqfwlrqv1
Wdeoh 6 suhvhqwv qlqh revhuydwlrqv rq wkh Oruhq} fxuyhv iru wkh irxu |hduv1
W k hq l q hr e v h u y d w l r q vf r u u h v s r q g vw rw k hd f f x p x o d w h gl q f r p hv k d u hr ih d f k
ri wkh uvw qlqh ghfloh jurxsv1 Wkhvh duh fuxgh Oruhq} fxuyhv lq wkh vhqvh
wkdw wkh| gr qrw whoo xv dq|wklqj derxw wkh erwwrp dqg wkh wrs ri wkh glvwul0
exwlrqv1 Wkh qxpehuv lq wkh wdeoh whoo xv wkdw wkh lqfrph glvwulexwlrq ri 4<:6
uhdoo| Oruhq} grplqdwhv wkh glvwulexwlrq ri 4<841 Wklv uhvxow lq frpelqd0
wlrq zlwk wkh rqhv lq Wdeoh 5 vxjjhvw wkdw zh kdyh wr eh frqfhuqhg derxw wkh
lqfrphv lq wkh orzhvw ghfloh ri wkh glvwulexwlrq wr frqfoxgh rwkhuzlvh wkdq
wkdw lqhtxdolw| kdv ghfolqhg1
7 Sryhuw| dqg ]hur Lqfrph Uhfrugv
Lq wkh suhylrxv Vhfwlrq zh frqfoxghg wkdw wkh dpeljxlw| ri wkh uhvxowv/ lq
sduwlfxodu wkh ryhudoo fkdqjh lq lqfrph lqhtxdolw| ehwzhhq 4<84 dqg 4<:6/
fdq eh uhihuuhg wr wkh srvlwlrq ri wkh lqglylgxdov lq wkh uvw ghfloh jurxs1
Lq wklv Vhfwlrq zh dgguhvv wkh lvvxh li hfrqrplf zhoiduh ri yhu| orz lqfrph
hduqhuv fdq eh phdvxuhg zlwk wkh nlqg ri gdwd zh xvh/ l1h1 dgplqlvwudwlyh wd{
uhjlvwhu gdwd/ zklfk duh ruljlqdoo| qrw froohfwhg lq rughu wr phdvxuh glhuhqfhv
lq hfrqrplf zhoiduh1
Prvw lqglylgxdov lq wkh uvw ghfloh/ iru doo |hduv lqfoxghg lq wklv vwxg|/
kdyh vxfk orz lqfrph wkdw lw lv lqfrqfhlydeoh wkdw lw fdq qdqfh wkhlu dqqxdo
frqvxpswlrq rq lw1 Wdeoh 7 vkrzv wkdw pruh wkdq kdoi ri wkh uvw ghfloh
jurxs kdyh }hur lqfrph uhfrugv1 Irupdoo|/ wklv phdqv wkdw wkh| kdyh wd{deoh
lqfrph ehorz wkh lqfrph wd{ wkuhvkrog/ zklfk lv dovr uhsruwhg lq Wdeoh 71
Iroorzlqj Mrkdqvvrq +4<:5, wkhuh duh dw ohdvw yh fdwhjrulhv ri lqfrph
434<84 4<89 4<9: 4<:6
43wk shufhqwloh 313358 313398 31335; 3133<5
+313336, +313339, +313337, +31333:,
53wk shufhqwloh 313657 313758 31374; 31383<
+313349, +31334<, +31334;, +313353,
63wk shufhqwloh 313;:4 314346 314354 31446<
+313365, +313368, +313367, +313369,
73wk shufhqwloh 3148<4 314:93 314::8 314<45
+313384, +313383, +313383, +31337;,
83wk shufhqwloh 31577; 315967 315983 315;35
+313396, +313398, +313394, +313393,
93wk shufhqwloh 316735 31694: 316974 316;3<
+3133:<, +3133;4, +3133:9, +3133:4,
:3wk shufhqwloh 317833 317:4: 317:8; 317<74
+3133<4, +3133<3, +3133;7, +3133;4,
;3wk shufhqwloh 318:94 318<;3 319363 319557
+313438, +313433, +3133;<, +3133;9,
<3wk shufhqwloh 31:5<; 31:7;5 31:866 31::55
+313445, +313435, +3133<8, +3133;9,
Qrwh= Errwvwudsw vwdqgdug huuruv1
Wdeoh 6= Hvwlpdwhv ri dffxpxodwhg lqfrph vkduhv iru qlqh ghflohv ri idplo|
lqfrph 4<84/ 4<89/ 4<9: dqg 4<:61
4<84 4<89 4<9: 4<:6
Vdpsoh vl}h 7 845 7 578 8 533 8 6:;
Qxpehu ri }hur idplo| lqfrphv 6:: 5;3 78: 63:
Vkduh/ }hur idplo| lqfrphv 313;7 31395 313;; 3138:
Vkduh/ phq zlwk }hur lqglylgxdo lqfrph 31394 31386 313<3 3138<
Vkduh/ zrphq zlwk }hur lqglylgxdo lqfrph 318<; 31873 316;< 31558
Lqfrph wd{ wkuhvkrog/ VHN 933 4 533 5 733 7 833
Lqfrph wd{ wkuhvkrog/ 4<:6 VHN +FSL gh dwru, 4 7:5 5 7:; 6 44: 7 833
Wdeoh 7= Qxpehu ri shuvrqv zlwk }hur lqfrph uhfrugv dqg lqfrph wkuhvkrog
iru wd{ dvvhvvphqwv1
44hduqhuv zkr pd| kdyh d yhu| orz lqfrph lq wd{ uhjlvwhu gdwd zlwkrxw ehlqj
srru1
 Hduqhuv ri lqfrph zklfk lv qrw oldeoh iru lqfrph wd{1 Dv lv ghvfulehg
lq Vhfwlrq 5/ dw wkh wlph zkhq wkh gdwd xvhg lq wklv vwxg| zhuh fro0
ohfwhg/ qhlwkhu vrfldo dlg qru vrfldo lqvxudqfh +vxfk dv lqfrph iurp h1j1
wkh Xqhpsor|phqw lqvxudqfh ru wkh Vlfnqhvv lqvxudqfh, zhuh lqfoxghg
lq wd{deoh lqfrph1 Dovr uhwluhg shrsoh/ zkr glg qrw uhfhlyh shqvlrq
lq dgglwlrq ri wkh Edvlf Vwdwh Shqvlrq zhuh oldeoh iru lqfrph wd{1 Do0
wkrxjk zh kdyh uhvwulfwhg wkh vdpsoh wr lqglylgxdov djhg ehorz 9:/ wkh
pdqgdwru| uhwluhphqw djh lq Vzhghq e| wkh wlph ri wkh vwxg|/ wkhuh
pd| eh lqglylgxdov lq wkh vdpsoh zlwk Glvdelolw| Shqvlrq/ ru wkrvh zkr
kdyh fodlphg Rog0djh Shqvlrq ehiruh wkh pdqgdwru| uhwluhphqw djh1
 Iduphuv dqg vrph rwkhu vhoi hpsor|hg1 Lw lv zhoo nqrzq wkdw lw lv kdug
wr phdvxuh lqfrphv ri iduphuv dqg rwkhu vhoi hpsor|hg1 Iru iduphuv/ d
odujh vkduh ri wkhlu lqfrph lv lq wkh irup ri frqvxpswlrq ri surgxfwv
wkdw duh surgxfhg rq wkh idup1 Wklv fdq ri frxuvh qrw eh phdvxuhg e|
wkh wd{ dxwkrulwlhv1 Vhoi0hpsor|hg duh dovr deoh wr nhhs vrph ri wkhlu
lqfrph zlwklq wkhlu frpsdq|/ zklfk zloo lqfuhdvh wkhlu zhdowk/ exw zloo
qrw eh uhfrughg dv lqfrph1 Lq sduwlfxodu/ zkhq vpdoo exvlqhvvhv duh
zlqghg xs/ lw lv frpprq/ dv vhyhudo wd{ uxohv lqwhudfw/ wkdw wkh rzqhu
j h w vd} h u rq h ww d { d e o hl q f r p h 1
 Vwxghqwv1 Vwxghqwv kdyh/ xqohvv wkh| gr qrw kdyh lqfrph iurp h{wud
zrun/ lq jhqhudo qr lqfrph1 Krzhyhu/ vwxglhv fdq eh vhhq dv dq dffx0
pxodwlrq ri kxpdq fdslwdo1 Wklv fdq ri frxuvh eh vhhq dv dq lqfuhdvh
lq wkhlu zhdowk dqg d irup ri lqfrph/ dowkrxjk lw zloo qrw eh uhfrughg
dv wd{deoh lqfrph1
 Vhdphq1 E |w k hw l p hr iw k hv x u y h | v /w k hl q f r p hr iv h d p h q /z h u hq r w
uhfrughg dv wd{deoh lqfrph1
 Zrunhuv lq wkh lqirupdo vhfwru1 E| ghqlwlrq/ lqfrphv iurp wkh lq0
irupdo vhfwru ri wkh hfrqrp| lv qrw uhfrughg dv lqfrph1 Iru wkh wlph
ri rxu gdwd/ wkhuh duh wr rxu nqrzohgjh qr hvwlpdwhv ri wkh vl}h ri wkh
lqirupdo vhfwru1
Wkh 4<9; Ohyho ri Olylqj Vxuyh| frqwdlqv/ lq dgglwlrq wr wkh wd{ uhjlvwhu
gdwd/ h{whqvlyh lqirupdwlrq rq olylqj frqglwlrqv iru hdfk lqglylgxdo lq wkh
45Djh 0jurxs Dyhudjh lqfrph Vkduh vhoi0uhsruwhg }hur lqfrph
]hur lqfrphv Qrq0}hur ]hur lqfrphv Qrq0}hur
lqfrphv lqfrphv
58 45 376 56 555 314;3 313:7
59068 45 8<; 63 973 31666 313;6
69078 65 77< 65 ;45 31597 31446
79088 4; 49< 68 4:< 31595 31446
88099 43 :3< 5; 8<5 31564 31453
Wdeoh 8= Dyhudjh vhoi0uhsruwhg lqfrph e| }hur ru qrq0}hur wd{hg idplo| lq0
frph1
vdpsoh rewdlqhg iurp shuvrqdo lqwhuylhzv1 Iurp wkhvh gdwd lw fdq eh vhhq
wkdw 5613 shufhqw ri wkh }hur lqfrph hduqhuv dqg 61: shufhqw ri wkh qrq0}hur
lqfrph hduqhuv +5:< lqglylgxdov, duh vwxghqwv1 Zh h{foxghg wkhp dqg pdgh
vrph ixuwkhu dqdo|vhv ri wkh }hur lqfrph hduqhuv1
Wkh 4<9; vxuyh| dovr frqwdlqv vhoi0uhsruwhg gdwd iru 4<9: rq wkh vdph
lqfrph frqfhsw dv zh xvh lq wklv vwxg|1 Iroorzlqj wkh glvfxvvlrq deryh/ lw lv
qrw vxusulvlqj wkdw wkh uhvhpeodqfh ehwzhhq wkhvh gdwd dqg wkh wd{ uhjlvwhu
gdwd lv srru lq orzhu lqfrph lqwhuydov1 Wdeoh 8 vkrzv dyhudjh vhoi0uhsruwhg
idplo| lqfrph dv zhoo dv wkh vkduh ri }hur vhoi0uhsruwhg }hur lqfrph dprqj
}hur dqg qrq0}hur wd{ uhfrug lqfrph hduqhuv uhvshfwlyho|1
Iurp Wdeoh 8 lw fdq eh vhhq wkdw wkhuh lv d vxusulvlqjo| vpdoo vkduh ri
lqfrph hduqhuv/ ohvv wkdq rqh wklug lq doo djh jurxsv/ zkr kdyh dovr vhoi0
uhsruwhg }hur lqfrph1 Frpsdulqj wkh }hur dqg qrq0}hur lqfrph jurxsv/ lw
fdq eh vhhq wkdw wkhuh lv d glhuhqfh ehwzhhq wkh wzr jurxsv= Dw ohdvw wzr
wlphv dv odujh vkduh ri wkh lqfrph hduqhuv lq wkh }hur lqfrph jurxs kdyh
}hur vhoi0uhsruwhg lqfrph dqg wkh dyhudjh lqfrph lv kljkhu lq doo djh jurxsv1
Krzhyhu/ nhhslqj lq plqg wkh odujh glhuhqfh ehwzhhq wkh wzr jurxsv lq wkh
lqfrph phdvxuh iurp wkh wd{ uhjlvwhuv/ wkh glhuhqfh lv vxusulvlqjo| vpdoo1
Wkh 4<9; vxuyh| dovr frqwdlqv lqirupdwlrq rq zkhwkhu ru qrw wkh lqgl0
ylgxdo kdv dffhvv wr 5 333 VHN +derxw 4533 XV' gh dwhg e| FSL lq 4<<<
fxuuhqf|,1 Dv fdq eh vhhq lq Wdeoh 9/ dv pdq| dv 9718 shufhqw ri wkh }hur
lqfrph vdpsoh duh deoh wr gr wkdw1
Ilqdoo|/ zh frpsduh frqvxpswlrq ehwzhhq wkh }hur dqg qrq0}hur lqfrph
jurxs lq 4<9:1 Djdlq/ wkh sdwwhuq lv wkdw wkh frqvxpswlrq ohyho lv kljkhu lq
wkh qrq0}hur lqfrph jurxs/ dowkrxjk wkh ohyho ri frqvxpswlrq lv uhodwlyho|
46]hur lqfrphv Qrq0}hur lqfrphv
Kdyh dffhvv wr 5 333 VHN 31978 31;:4
Rzqv d fdu 31589 31935
Rzqv d erdw 313:: 31478
Rzqv d vxpphukrxvh 313;5 31536
Krolgd| mrxuqh| gxulqj 4<9: 314<6 31694
Krolgd| mrxuqh| deurdg gxulqj 4<9: 313:< 31545
Wdeoh 9= Frqvxpswlrq iru shuvrqv zlwk }hur dqg qrq0}hur wd{hg idplo| lq0
frph1
kljk dprqj vrph lqglylgxdov lq wkh }hur lqfrph hduqhu jurxs= Rqh irxuwk ri
wkhp rzq d fdu> pruh wkdq ; shufhqw rzq d vxpphu krxvh> dqg doprvw 53
shufhqw glg d krolgd| mrxuqh| gxulqj 4<9:1
Wr vxp xs/ lw lv qrw hylghqw/ dowkrxjk lw lv srvvleoh/ wkdw wkh lqglylgxdo
olylqj lq d krxvhkrog zlwk }hur krxvhkrog lqfrph lv srru lq wkh vhqvh wkdw zh
xvxdoo| vhh lw1 Hylghqwo|/ wkh w|sh ri gdwd zh xvh lq wklv vwxg| lv qrw lghdo iru
vwxg|lqj sryhuw|1 Wklv/ lq wxuq/ phdqv wkdw wkh lqfrph lqhtxdolw| phdvxuhv
wkdw dwwdfk kljk zhljkw wr wkh orzhu hqg ri wkh lqfrph glvwulexwlrq vkrxog
eh lqwhusuhwhg zlwk juhdw fdxwlrq1
8 Ghfrpsrvlwlrq Dqdo|vhv
Dq dgglwlrqdo dgydqwdjh zlwk wkh jhqhudol}hg hqwurs| phdvxuhv ri lqhtxdolw|
lv wkdw wkh| duh ghfrpsrvdeoh/ l1h1 ryhudoo lqhtxdolw| fdq eh ghfrpsrvhg lqwr
frpsrqhqwv wkdw lq wxuq kdyh d xvhixo lqwhusuhwdwlrq1 Wklv surshuw| fdq eh
xvhg wr h{dplqh wkh uhvxowv rewdlqhg deryh lq pruh ghwdlo1 Iluvw/ zh duh deoh
wr vhh zkhwkhu wkh uhvxowv kdyh ehhq gulyhq e| fkdqjhv lq wkh ghprjudsklf
frpsrvlwlrq ri wkh srsxodwlrq zh vwxg|1 Vhfrqg/ zh fdq fkhfn zkhwkhu wkh
uhvxowv deryh duh vhqvlwlyh zlwk uhvshfw wr wkh fkrlfh ri htxlydohqfh vfdoh1
Wklug/ lw hqdeohv xv wr dqdo|vh zkdw frqvhtxhqfhv wkh ulvlqj oderxu irufh
sduwlflsdwlrq ri pduulhg zrphq gxulqj wkh ulvh ri wkh zhoiduh vwdwh kdg iru
lqhtxdolw| ri idplo| lqfrph1 Zh gr rqh ghfrpsrvlwlrq dqdo|vlv e| vxejurxsv
dqg rqh e| lqfrph vrxufhv1
47814 Ghfrpsrvlwlrq e| Ghprjudsklf jurxsv
Lq Wdeoh : zh suhvhqw ghfrpsrvlwlrqv ri wkh irxu JH phdvxuhv e| wkuhh vxe0
jurxsv= pduulhg shuvrqv/ vlqjoh phq dqg vlqjoh zrphq1 Iurp wkhvh uhvxowv lw
fdq eh vhhq wkdw luuhvshfwlyh ri ghjuhh ri sryhuw| dyhuvlrq/ wkh hyroxwlrq ri
ryhudoo lqhtxdolw| sulpdulo| uh hfwv krz lqhtxdolw| kdv hyroyhg iru wkh wkuhh
jurxsv/ wkh zlwklq frpsrqhqw1 Wkh dowhuqdwlyh srvvlelolw| zrxog eh wkdw
fkdqjhv ehwzhhq wkh vxejurxsv ru wkh fkdqjlqj zhljkwv dwwdfkhg wr wkhp
zrxog eh wkh gulylqj irufh1 Iru qr fdvh/ wkh frpsrqhqw wkdw uhsuhvhqwv lq0
htxdolw| ehwzhhq wkh jurxsv lv txdqwlwdwlyho| lpsruwdqw1 Wklv qglqj grhv/
krzhyhu/ qrw uxoh rxw wkh srvvlelolw| wkdw zlwk dqrwkhu fodvvlfdwlrq d vlj0
qlfdqw sduw ri wkh fkdqjh lq lqhtxdolw| zrxog kdyh ehhq dwwulexwdeoh wr wkh
ehwzhhq frpsrqhqw1
Zkhq zh orrn dw zkdw kdsshqhg wr lqhtxdolw| zlwklq wkh wkuhh jurxsv/
z h q gdf o h d us d w w h u qi r uJ H + 4 ,d q gJ H + 5 , 1W k l vl vw k d ww k hw k u h hj u r x s v
edvlfdoo| fkdqjh lq wkh vdph zd| ryhu wlph1 Iru kljkhu ghjuhhv ri sryhuw|
dyhuvlrq/ JH+04, dqg JH+3,/ wkh sdwwhuq lv pruh pl{hg1 Iru JH+04,/ lq0
htxdolw| dprqj pduulhg shuvrqv shdnhg lq 4<9: dqg ihoo lq 4<:6/ zkhuhdv
lqhtxdolw| iru vlqjoh phq dqg iru vlqjoh zrphq lqfuhdvhg lq hyhu| |hdu1 Wkh
uhvxowv iru JH+3, vkrz wkdw lqhtxdolw| iru wkh vxejurxsv iroorz ryhudoo lq0
htxdolw| vrphzkdw pruh forvho|/ exw wkh vdph dffrugdqfh dv iru C.E dqg
T 2 fdqqrw eh irxqg1
Dv phqwlrqhg deryh/ frpsdulvrqv ri lqhtxdolw| zlwklq jurxsv duh qrw
vhqvlwlyh wr wkh fkrlfh ri htxlydohqfh vfdoh/ zklfk dozd|v kdv dq hohphqw ri
duelwudulqhvv1 Glhuhqfhv lq htxlydohqfh vfdohv duh uh hfwhg lq wkh ehwzhhq
jurxs frpsrqhqw1 Wkh frqfoxvlrq iru hdfk vxe0jurxs duh iru JH+4, dqg T 2
urexvw zlwk uhvshfw wr fkrlfh ri htxlydohqfh vfdoh1
815 Ghfrpsrvlwlrq e| Lqfrph Vrxufh
Iru wkh vxe0vdpsoh ri pduulhg frxsohv/ zh duh deoh wr glvwlqjxlvk ehwzhhq wzr
glhuhqw vrxufhv ri lqfrph= wkh lqfrph rewdlqhg e| wkh pdq dqg wkh zrphq
uhvshfwlyho| lq hdfk krxvhkrog1 Lqhtxdolw| dprqj pduulhg shuvrqv lv ri vsh0
fldo lqwhuhvw/ sduwo| ehfdxvh prvw fkloguhq frxog eh irxqg lq vxfk idplolhv
gxulqj wklv shulrg ri wlph/ dqg sduwo| ehfdxvh pduulhg shuvrqv uhsuhvhqw :3
shufhqw ri wkh dgxow srsxodwlrq +vhh Wdeoh 4,1 C.E2/ wkh vtxduhg frh!flhqw
ri yduldwlrq ET 2/ lv ghfrpsrvdeoh e| vrxufh ri lqfrph Wkh ghfrpsrvlwlrq
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￿,, 5571:9 589174 ;96136 ;961:7
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Vlqjohg/ ihpdohv 317795 316;99 316<<7 316588
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T 2
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Vlqjohg/ pdohv 317335 315;<4 315;44 315468
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Wdeoh := Ghfrpsrvlwlrq ri wkh jhqhudol}hg hqwurs| phdvxuh e| srsxodwlrq
vxe0jurxsv1
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zkhuh 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￿ dqg T 2
‘ duh wkh vtxduhg frh!flhqw ri yduldwlrq iru wkh pdoh
dqg ihpdoh lqfrph frpsrqhqwv ri idplo| lqfrph uhvshfwlyho|/ @ ghqrwhv phq*v
vkduh ri wrwdo idplo| lqfrph/ dqg 4 ghqrwhv wkh fruuhodwlrq frh!flhqw ehwzhhq
wkh vsrxvhv lqfrphv1:
Wdeoh ; suhvhqwv wkh uhvxowv ri wklv ghfrpsrvlwlrq1 Wkh xsshu sduw ri
Wdeoh ; vkrzv wkh hvwlpdwhg frpsrqhqw ri wkh ghfrpsrvlwlrq/ l1h1 T 2 iru
wkh pdoh dqg ihpdoh lqfrph frpsrqhqwv uhvshfwlyho|/ wkh vkduhv ri wkh ryhudoo
lqfrph/ dqg wkh hvwlpdwhv ri 4 Wkh orzhu sduw ri wkh Wdeoh jlyhv wkh wkuhh
frpsrqhqwv ri wkh ghfrpsrvlwlrq1 Ilqdoo|/ wkh hvwlpdwhv ri T 2 iru wrwdo
krxvhkrog lqfrph duh vkrzq1
D fduhixo h{dplqdwlrq ri wkh uhvxowv lq Wdeoh ; jlyhv dw ohdvw wzr lqwhuhvw0
lqj uhvxowv1 Iluvw/ wkh hvwlpdwhv ri T 2
￿e? vkrz wkdw wkh glvwulexwlrq ri wkh
pdoh lqfrph frpsrqhqw kdyh ehhq vxevwdqwldoo| htxdol}hg ehwzhhq 4<84 dqg
4<:61 Wkh ghfrpsrvlwlrq vkrzv wkdw wklv frpsrqhqw/ wrjhwkhu zlwk wkh vkduh
ri pdoh lqfrph/ frqwulexwhv wr derxw ;: shufhqw ri wkh ryhu doo phdvxuhg lq0
frph htxdol}dwlrq ryhu wklv wlph shulrg1 Vhfrqg/ wkh lqfuhdvhg udwh ri ihpdoh
oderu irufh sduwlflsdwlrq/ zklfk wr d odujh h{whqw zdv gulyhq e| ulvh ri wkh
zhoiduh vwdwh wkurxjk wkh h{sdqvlrq ri wkh sxeolf vhfwru/ dovr frqwulexwhg wr
wkh htxdol}dwlrq ri lqfrphv1 Lw lv lqwhuhvwlqj wr qrwh wkdw wklv uhvxow iroorzv
ghvslwh wkh idfw wkdw wkh fruuhodwlrq ehwzhhq kxvedqg*v dqg zlih*v lqfrphv
lv srvlwlyh1; Wklv uhvxow lv dovr rewdlqhg e| Emùunoxqg +4<<5,/ zkr fryhuhg
wkh shulrg 4<9: wr 4<;3 dqg lq prvw vwxglhv iurp rwkhu frxqwulhv1 Krzhyhu/
wkh lpsruwdqfh ri wklv fkdqjh lv ohvv surplqhqw lq wkh ryhudoo htxdol}dwlrq ri
wkh lqfrph glvwulexwlrq frpsduhg wr wkh fkdqjh lq wkh glvwulexwlrq ri pdoh
lqfrphv1
:Wkh whfkqltxh kdv ehhq iuhtxhqwo| xvhg lq wkh olwhudwxuh wkdw fryhuv pruh uhfhqw
shulrgv ri wlph1 Vhh Emùunoxqg +4<<5, iru d Vzhglvk vwxg| fryhulqj wkh shulrg 4<9:04<;3
dqg iru uhihuhqfhv wr vhyhudo vwxglhv ri rwkhu frxqwulhv1
;Dw uvw vljkw/ lw pd| vhhp lqwxlwlyh wkdw d srvlwlyh fruuhodwlrq lv d vx!flhqw frqglwlrq
iru ulvlqj ihpdoh lqfrph wr udlvh phdvxuhg idplo| lqfrph lqhtxdolw|1 Krzhyhu/ wkh vfdoh
lqyduldqfh ri wkhvh phdvxuhv lpsolhv wkdw qrw hyhq d fruuhodwlrq htxdo wr rqh lv vx!flhqw1
Lq wkdw fdvh/ ulvlqj ihpdoh lqfrph zrxog lpso| d sursruwlrqdoh lqfuhdvh lq idplo| lqfrphv
dqg fkdqjhv ri idplo| lqfrph lqhtxdolw|1 Lq rughu iru ulvlqj ihpdoh lqfrph wr udlvh phd0
vxuhg idplo| lqfrph lqhtxdolw|/ ihpdoh lqfrph lqhtxdolw| pxvw h{fhhg pdoh lqhtxdolw|1 Vhh
Emùunoxqg +4<<5, dqg uhihuhqfhv wkhuh1
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Qrwh= Dvv|pswrwlf vwdqgdug huuruv rewdlqhg e| xvlqj wkh phwkrg ri Frzhoo +4<;<,1
Wdeoh ;= Ghfrpsrvlwlrq ri wkh vtxduhg frh!flhqw ri yduldwlrq e| lqfrph
vrxufh1 Zlwklq wkh jurxs ri pduulhg frxsohv1
9 Frqfoxvlrqv
Zh kdyh xvhg qhz gdwd wr pdnh lqihuhqfh derxw wkh hyroxwlrq ri idplo|
lqfrph lqhtxdolw| lq Vzhghq iurp 4<84 wr 4<:6/ d shulrg zkhq wkh Vzhglvk
zhoiduh vwdwh zdv hvwdeolvkhg1 Li zh frqqh wkh dqdo|vlv wr wkh uhvxowv iurp wkh
hvwlpdwhv ri wkh Jlql frh!flhqw/ C.E dqg T 2/ l1h1 wkh lqfrph lqhtxdolw|
phdvxuhv wkdw dwwdfk ohvv zhljkw wr wkh orzhu hqg ri wkh lqfrph glvwulexwlrq
frpsduhg wr C.E dqg C.Ef/ zh jhw d idluo| xqlirup slfwxuh ri krz wkh
lqfrph glvwulexwlrq fkdqjhg ryhu wkh wlph shulrg frqvlghuhg lq wklv vwxg|1
Idplo| lqfrph ehiruh wd{hv ehfdph pruh htxdoo| glvwulexwhg iurp 4<84 wr
4<:61 Wkh Jlql frh!flhqw ihoo iurp 316; wr 31651 Vsèqw +4<:<, kdv suhylrxvo|
vkrzq wkdw lqhtxdolw| ri lqglylgxdo lqfrph ehiruh wd{hv ghfolqhg ryhu wklv
shulrg1 Rxu uhvxowv vkrz wkdw klv uhvxowv dovr krog iru idplo| lqfrph ri
lqglylgxdov1 Wklv uhgxfwlrq lq lqfrph lqhtxdolw| lv txlwh jhqhudo dqg fdq
eh irxqg erwk dprqj pduulhg shuvrqv dqg dprqj vlqjoh zrphq dqg vlqjoh
phq1 Wklv uhvxow lpsolhv vrph urexvwqhvv ri wkh uhvxowv zlwk uhvshfw wr wkh
duelwudu| fkrlfh ri htxlydohqfh vfdoh1
Dprqj pduulhg shuvrqv lqhtxdolw| ri idplo| lqfrph ihoo pruh/ devroxwho|
dqg uhodwlyho|/ wkdq lqhtxdolw| ri kxvedqg*v lqfrphv1 Wklv vxjjhvwv wkdw wkh
hqwudqfh ri pduulhg zrphq lq wkh oderxu irufh qrw rqo| htxdol}hg lqfrphv
4;ehwzhhq phq dqg zrphq/ exw dovr uhgxfhg idplo| lqfrph lqhtxdolw|1 Zh
eholhyh wkdw wkh jurzwk ri pduulhg zrphq*v oderxu irufh sduwlflsdwlrq gxulqj
wklv shulrg zdv uhlqirufhg e| wkh jurzwk ri wkh zhoiduh vwdwh/ prvw qrwdeo|
e| wkh ulvh lq sxeolf vhuylfh hpsor|phqw1 Khqfh/ zh duh lqfolqhg wr frqfoxgh
wkdw wkh jurzwk ri wkh zhoiduh vwdwh frqwulexwhg wr idoolqj idplo| lqfrph
lqhtxdolw| ryhu wkh shulrg 4<84 wr 4<:6/ dowkrxjk wkh ghfrpsrvlwlrq dqdo|vlv
ri wkh T 2 phdvxuh vkrzv wkdw wkh pdlq vrxufh ri wkh htxdol}dwlrq zdv wkh
fkdqjh lq wkh glvwulexwlrq ri pdoh lqfrphv1
Wklv vwxg| dovr vkrzv vrphwklqj rq wkh olplwdwlrqv ri xvlqj wkh nlqg
ri gdwd wkdw duh xvhg khuh1 Iluvw/ wkh txdolw| ri lqfrph gdwd lq wkh orzhu
hqg ri wkh glvwulexwlrq lv yhu| orz ehfdxvh wkh gdwd duh edvhg rq sxeolf
uhjlvwhuv/ zklfk lq wxuq duh edvhg rq wd{ dvvhvvphqwv1 Wkhuhiruh zh eholhyh
wkdw lqhtxdolw| phdvxuhv wkdw dwwdfk juhdw zhljkw wr orz lqfrphv duh qrw yhu|
uholdeoh xvhg lq wklv frqwh{w1 Ryhudoo/ zh duh qrw deoh wr dqdo|vh fkdqjhv lq
wkh sryhuw| udwhv iurp wkhvh gdwd1 Vhfrqg/ wkh hvwlpdwhg vwdqgdug huuruv
ri wkh lqhtxdolw| phdvxuhv duh qrw wkdw kljk/ ghvslwh vdpsoh vl}hv lq wkh
rughu ri 7833 shuvrqv1 Wkh vwdqgdug huuru ri wkh srsxodu Jlql frh!flhqw duh
rqo| durxqg 313381 Vr lw lv wkh txdolw| ri wkh edvlf gdwd udwkhu wkdq vdpsoh
vl}hv wkdw klqghu xv iurp pdnlqj ghwdlohg lqihuhqfh derxw wkh hyroxwlrq ri
lqhtxdolw| gxulqj wklv shulrg1
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Dwnlqvrq/ Dqwkrq| E +4<:3,/ Rq wkh Phdvxuhphqw ri Lqhtxdolw|/ Mrxu0
qdo ri Hfrqrplf Wkhru| 5= 57705961
Dwnlqvrq/ Dqwkrq| E/ Ohh Udlqzdwhu ) Wlp P Vphhglqj +4<<8,/ Lq0
frph Glvwulexwlrq lq RHFG frxqwulhv= Hylghqfh iurp wkh Ox{hperxuj Lq0
frph Vwxg| +OLV,/S d u l v /R H F G 1
Emùunoxqg/ Dqghuv +4<<5,/ Ulvlqj Ihpdoh Oderxu Irufh Sduwlflsdwlrq
dqg wkh Glvwulexwlrq ri Idplo| Lqfrph0wkh Vzhglvk H{shulhqfh/ Dfwd Vrfl0
rorjlfd 68= 5<<063<1
Emùunoxqg/ Dqghuv +4<<6,/ D Frpsdulvrq ehwzhhq Dfwxdo Glvwulexwlrqv
ri Dqqxdo dqg Olihwlph Lqfrph= Vzhghq durxqg 4<:3/ Uhylhz ri Lqfrph
dqg Zhdowk/ 6</ 6::06;91
Emùunoxqg/ Dqghuv ) Pèuwhq Sdoph +4<<;,/ D Qhz Vhulhv ri Vzhglvk
Lqfrph Glvwulexwlrq 4<84 wr 4<:6/ sdshu suhvhqwhg dw wkh LDULZ frqihuhqfh
lq Fdpeulgjh 4<<;1
Emùunoxqg/ Dqghuv/ Pèuwhq Sdoph ) Lqjhpdu Vyhqvvrq +4<<8,/ Wd{ Uh0
irupv dqg Lqfrph Glvwulexwlrq= Dq Dvvhvvphqw Xvlqj Glhuhqw Lqfrph Frq0
fhswv/ Vzhglvk Hfrqrplf Srolf| Uhylhz 5/ 55<05991
Frzhoo/ Iudqn +4<;<,/ Vdpsolqj Yduldqfh dqg Ghfrpsrvdeoh Lqhtxdolw|
Phdvxuhv/ Mrxuqdo ri Hfrqrphwulfv 7;/ 5:0741
Hulnvrq/ Urehuw ) Uxqh Èehuj +4<;:,/ Zhoiduh lq Wudqvlwlrq 0 Olylqj
Frqglwlrqv lq Vzhghq 4<9;0;4/ Foduhqgrq Suhvv/ R{irug1
Iulw}hoo/ Mrkdq +4<<4,/ Lfnh dy pdunqdghq doohqd= Lqnrpvwiùughoqlqjhq
lV y h u l j h / SkG wkhvlv/ Lqvwlwxwh iru Vrfldo Uhvhdufk/ Vwrfnkrop Xqlyhuvlw|/
Doptylvw rfk Zlnvhoo Lqwhuqdwlrqdo1
Jrwwvkdon/ Shwhu ) Wlp P Vphhglqj +4<<:,/ Furvv0Qdwlrqdo Frpsdu0
lvrqv ri Hduqlqjv dqg Lqfrph Lqhtxdolw|/ Mrxuqdo ri Hfrqrplf Olwhudwxuh/
[[[Y/ 96609;:1
Jxvwdivvrq/ Emùuq ) Kdqqx Xxvlwdor +4<<3,/ Lqfrph Glvwulexwlrq dqg
Uhglvwulexwlrq gxulqj Wzr Ghfdghv=H{shulhqfhv iurp Ilqodqg dqg Vzhghq
lq Shuvvrq/ Lqjd +hg1, Jhqhudwlqj Htxdolw| lq wkh Zhoiduh Vwdwh= wkh Vzhglvk
H{shulhqfh/ Rvor= Qruzhjldq Xqlyhuvlw| Suhvv1
Mdqvvrq/ Nmhoo +4<<3,/ Lqnrpvw0 rfk iùupùjhqkhwviùughoqlqjhq 4<9:04<;:/
Vxssohphqw Qr1 4< wr OX0<3/ Vwrfnkrop= Doopçqqd iùuodjhw1
Mhqnlqv/ Vwhskhq S +4<<<, Dqdo|vlv ri lqfrph glvwulexwlrqv +vxpglvw/
{iudf/ lqhtghfr/ lqhtghf3/ jhlyduv/ lqhtidf/ sryghfr, Vwdwd Whfkqlfdo Exo0
ohwlq VWE07;/ Pdufk/ 704;1 Vwdwd Frusrudwlrq= Froohjh Vwdwlrq Wh{dv1
53Mrkdqvvrq/ Pdwv +4<<<,/ Hpslulfdo Vwxglhv ri Lqfrph Glvwulexwlrq/S k G
wkhvlv/ Hfrqrplfv Ghsduwphqw/ Xqlyhuvlw| ri Jùwheruj1
Mrkdqvvrq/ Vwhq +4<:5,/ Lqnrpvwxwyhfnolqjhq 4<9904<9< Plphr/ Gh0
sduwphqw ri Vrflrorj|/ Xssvdod Xqlyhuvlw|1
Rovvrq/ Vyhq H +4<<3,/ Vrfldo Srolf| dqg Zhoiduh Vwdwh lq Vzhghq/ Dunly=
Oxqg1
Qhupr/ Pdjqxv +4<<<,/ Vwuxfwxuhg e| Jhqghu/ Sk G glvvhuwdwlrq qr1 74/
Vzhglvk Lqvwlwxwh iru Vrfldo Uhvhdufk/ Vwrfnkrop Xqlyhuvlw|1
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